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Overview

@ The fundamental aspects of the QCD vacuum that are responsible
for the dynamical generation of mass through chiral symmetry
breaking and confinement are an ongoing source of debate
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Overview

@ The fundamental aspects of the QCD vacuum that are responsible
for the dynamical generation of mass through chiral symmetry
breaking and confinement are an ongoing source of debate

@ Centre vortices are associated with the fundamental centre
degree of freedom of QCD, and so are a natural candidate for
investigation
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Overview

@ I|dentifying centre vortices on the lattice via MCG fixing

@ Overlap quark propagator on vortex-free and vortex-only
backgrounds
Qualitatively different results to previous ASQTAD results

@ Effects of cooling on vortex-only backgrounds
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Identifying Centre Vortices on the Lattice

@ Transform to Maximal Centre Gauge, where links are brought
close to centre elements

Z,(x) = 72, =1
2mi

= exp [Tmu(x)]l, my,(x) € {—1,0,1} (1)
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Identifying Centre Vortices on the Lattice

@ Transform to Maximal Centre Gauge, where links are brought
close to centre elements

Z,(x) = 72, =1
2mi

= exp [Tmu(x)]l, my,(x) € {—1,0,1} (1)

@ Require transformation 2(x) maximising overlap between gauge
links and centre elements

> ReTr[U7(x)Z],(x)] — Max (2)
X[
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Identifying Centre Vortices on the Lattice

@ Implemented through 'mesonic’ centre gauge fixing condition

Ries = » _ |Tr U2 (x)]* — Max (3)
X1
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Identifying Centre Vortices on the Lattice

@ Implemented through 'mesonic’ centre gauge fixing condition

Ries = » _ |Tr U2 (x)]* — Max (3)
X,
@ Then we project onto Z3

%TrUf} (x) = ru(x) exp(ig,(x)) (4)

Choose m,(x) € {—1,0,1} with M closest to ¢, (x)

(University of Adelaide) Wed. 25/6/2014 5/44



Simulation Details

@ We use the overlap operator, which has a lattice-deformed version
of chiral symmetry, leading to greater sensitivity to topological
effects
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I
Simulation Details

@ We use the overlap operator, which has a lattice-deformed version

of chiral symmetry, leading to greater sensitivity to topological
effects

@ Results calculated on 50 203 x 40 gauge-field configurations using
LuScher-Weisz O(a?) mean-field improved action with a lattice
spacing of 0.125 fm
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|
MCG-fixed phases
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Identifying Centre Vortices on the Lattice

3 sets of configurations:
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Identifying Centre Vortices on the Lattice

3 sets of configurations:

e Untouched configurations
Un(x) (5)
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Identifying Centre Vortices on the Lattice

3 sets of configurations:

e Untouched configurations

Uy (x) ()
e Vortex-only configurations
27i
Z,(x) = exp [Tmu(x)]l (6)
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Identifying Centre Vortices on the Lattice

3 sets of configurations:

e Untouched configurations
Up(x)

e Vortex-only configurations

Z,(x) = exp [?mu(x)]l

e Vortex removed configurations

Ry(x) = Z} (x)UR (x)
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Centre Vortices and Confinement
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Previous Results Using an ASQTAD action
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Previous Results Using an ASQTAD action
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|
Overlap Quark Propagator

@ Write momentum-space propagator as

__ Z(p)
S(p) = T M) (8)

with ¢, the tree-level improved kinematic lattice momentum[1]

[1] FD.R. Bonnet et al, Phys. Rev. D 65,2002
[2] C.TH. Davies et al. Phys. Rev. D 37, 1581 (1988)

[3] FD.R. Bonnet et al, Austral. J. Phys. 52, 939 (1999)
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|
Overlap Quark Propagator

@ Write momentum-space propagator as

Z(p)
S(p) = ——— 8
0 = o ®)
with ¢, the tree-level improved kinematic lattice momentum[1]
@ Fixed to Landau gauge using a Fourier transform accelerated
algorithm [2] to the O(a?) improved gauge-fixing functional [3].

[1] FD.R. Bonnet et al, Phys. Rev. D 65,2002
[2] C.TH. Davies et al. Phys. Rev. D 37, 1581 (1988)

[3] FD.R. Bonnet et al, Austral. J. Phys. 52, 939 (1999)
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Mass function on Untouched Configurations
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Mass function with Vortex Removed Configurations
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Renormalization function on UT Configurations
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Renormalization function with VR Configurations

1.2 T T T T T
10 ~ EEE-EE.NEEEEE -] -
08 = x”xxxxx@é?ﬂ“ﬂmﬁ i
. @EDDED
~ !
206 - i
N m_ = 70 MeV
04 r o Untouched B
x VR
0.2 L _
00 | 1 1 | |
0 1 2 3 4 5 6
p GeV

(University of Adelaide) Wed. 25/6/2014 16/ 44



Quark Propagator on Vortex Removed Configurations

@ ASQTAD propagator unable to show loss of dynamical mass
generation with vortex removal
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Quark Propagator on Vortex Removed Configurations

@ ASQTAD propagator unable to show loss of dynamical mass
generation with vortex removal

@ Overlap propagator shows loss of dynamical mass generation
coincident with vortex removal

@ Loss of confinement on vortex removed backgrounds using
overlap
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Mass function on Vortex Only Configurations
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Renormalization function on VO Configurations
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The story so far...

@ Vortex-only backgrounds cannot reproduce dynamical mass
generation
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The story so far...

@ Vortex-only backgrounds cannot reproduce dynamical mass
generation

@ Vortex-only backgrounds not trivial; evidence of confinement

@ The question: what information about the original configurations
do vortex-only configurations retain?
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B —
Cooling

@ Vortex-only configurations consist only of center elements
= high action
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B —
Cooling

@ Vortex-only configurations consist only of center elements
= high action

@ We will perform cooling on vortex-only configurations

@ Cooling is performed using an O(a*)-three-loop improved action,
and the topological charge density is calculated using an
O(a*)-five-loop improved definition of the field-strength tensor.
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Untouched Configurations with Cooling
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Untouched Configurations with Cooling
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Vortex Only Configurations with Cooling
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Vortex Only Configurations with Cooling
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40 sweep comparison
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Mass function with cooling

@ Under a UV filter, the overlap mass function retains its form
qualitatively, with some loss of dynamical mass generation[1]
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Renormalization function with cooling
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Mass function with cooling
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Mass function with cooling
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Renormalization function with cooling

1.2 T T T T T
T @Néﬁmmgccwuuuuuuum o 7
2
08 §§§ —
§§
206 g .
™ . m, = 70 MeV
3
0.4 0 Vortex Only 7
02 T
g
3
0.0 1 1 1 | |
0 1 2 3 4 5 6

(University of Adelaide) Wed. 25/6/2014 31/44



Renormalization function with cooling
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Mass function with cooling
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Renormalization function with cooling
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Mass function with cooling
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Renormalization function with cooling
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Conclusion

@ Shown for the first time removal of centre vortices coincident with
loss of dynamical mass generation
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Conclusion

@ Shown for the first time removal of centre vortices coincident with
loss of dynamical mass generation

@ A centre vortex background alone does not support dynamical
mass generation, but shows evidence of confinement

@ Dynamical mass generation exists on vortex only configurations
after cooling
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Additional Slides
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-]
Preconditioning Landau-gauge fixing
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-]
MCG fixing

@ Wish to maximise the local quantity

Ry = |Tr{G)U,(x)} + ) |Tr{Upu(x — )G )} (9)
M H

Method of A. Montero, Phys. Lett. B467, 106 (1999)
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-]
MCG fixing

@ Wish to maximise the local quantity

Ry = |Tr{G)U,(x)} + ) |Tr{Upu(x — )G )} (9)
I

I

@ Use an SU(2) matrix g = g41 — ig;o; embedded in one of the 3
SU(2) subgroups of SU(3)

Method of A. Montero, Phys. Lett. B467, 106 (1999)
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-]
MCG fixing

@ Wish to maximise the local quantity

Ry = |Tr{G)U,(x)} + ) |Tr{Upu(x — )G )} (9)
M H

@ Use an SU(2) matrix g = g41 — ig;o; embedded in one of the 3
SU(2) subgroups of SU(3)
@ Can be re-written as

R, = giA;gj + gibi + c, (10)

with A real, symmetric 4 x 4 matrix, b a real 4-vector, ¢ a real

constant.
Method of A. Montero, Phys. Lett. B467, 106 (1999)
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Lower Bare Masses
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Lower Bare Masses

1.2 : ‘ | | |

7 BEE B —

EiiﬁiEEEE!!El!EE

0.8 %éﬁﬁgggsﬂﬁ |
§§

206 4 |
) m_ = 70 MeV
gt q
04 F . Untouched |
X VR
02 F % C |
§
0.0 1 L . | |
0 1 > 3 " : 6
p GeV

(University of Adelaide) Wed. 25/6/2014 42/ 44



600 T T T T T
m, = 70 MeV
500 - x Untouched
j . s Vortex Only
>400 TV o Vortex Removed]
; E: —-— Bare Mass
300 F % .
o, Kiv
=200 | %, ]
o Hy
©oangg LE T
|8 Tag eI T - -
100 |9 P%0mg o njzg;gﬁj%&a;éﬁéﬁaééééﬁééﬁéﬁ R
0 | | | | |
0 1 2 3 4 5 6

(University of Adelaide) Wed. 25/6/2014 43/ 44



1.2 ‘ | | | |
ol ggéﬁiﬁﬁiﬁiigluuuug ] 4
&
g % o000 x Eggﬁé
08 [ ¥ ]
5a %$
o6 s |
& mq = 70 MeV
[
04 - o Untouched |
X VR
°F L = VO |
2
0.0 | | ) | |
0 1 2 3 " : :

(University of Adelaide) Wed. 25/6/2014 44/ 44



	0.0: 
	0.1: 
	0.2: 
	0.3: 
	0.4: 
	0.5: 
	0.6: 
	0.7: 
	0.8: 
	0.9: 
	0.10: 
	0.11: 
	0.12: 
	0.13: 
	0.14: 
	0.15: 
	0.16: 
	0.17: 
	0.18: 
	0.19: 
	0.20: 
	0.21: 
	0.22: 
	0.23: 
	0.24: 
	0.25: 
	0.26: 
	0.27: 
	0.28: 
	0.29: 
	0.30: 
	0.31: 
	0.32: 
	0.33: 
	0.34: 
	0.35: 
	0.36: 
	0.37: 
	0.38: 
	0.39: 
	0.40: 
	0.41: 
	0.42: 
	0.43: 
	0.44: 
	0.45: 
	0.46: 
	0.47: 
	0.48: 
	0.49: 
	0.50: 
	0.51: 
	0.52: 
	0.53: 
	0.54: 
	0.55: 
	0.56: 
	0.57: 
	0.58: 
	0.59: 
	0.60: 
	0.61: 
	0.62: 
	0.63: 
	0.64: 
	0.65: 
	0.66: 
	0.67: 
	0.68: 
	0.69: 
	0.70: 
	0.71: 
	0.72: 
	0.73: 
	0.74: 
	0.75: 
	0.76: 
	0.77: 
	0.78: 
	0.79: 
	0.80: 
	0.81: 
	0.82: 
	0.83: 
	0.84: 
	0.85: 
	0.86: 
	0.87: 
	0.88: 
	0.89: 
	0.90: 
	0.91: 
	0.92: 
	0.93: 
	0.94: 
	0.95: 
	0.96: 
	0.97: 
	0.98: 
	0.99: 
	anm0: 
	1.0: 
	1.1: 
	1.2: 
	1.3: 
	1.4: 
	1.5: 
	1.6: 
	1.7: 
	1.8: 
	1.9: 
	1.10: 
	1.11: 
	1.12: 
	1.13: 
	1.14: 
	1.15: 
	1.16: 
	1.17: 
	1.18: 
	1.19: 
	1.20: 
	1.21: 
	1.22: 
	1.23: 
	1.24: 
	1.25: 
	1.26: 
	1.27: 
	1.28: 
	1.29: 
	1.30: 
	1.31: 
	1.32: 
	1.33: 
	1.34: 
	1.35: 
	1.36: 
	1.37: 
	1.38: 
	1.39: 
	1.40: 
	1.41: 
	1.42: 
	1.43: 
	1.44: 
	1.45: 
	1.46: 
	1.47: 
	1.48: 
	1.49: 
	1.50: 
	1.51: 
	1.52: 
	1.53: 
	1.54: 
	1.55: 
	1.56: 
	1.57: 
	1.58: 
	1.59: 
	1.60: 
	1.61: 
	1.62: 
	1.63: 
	1.64: 
	1.65: 
	1.66: 
	1.67: 
	1.68: 
	1.69: 
	1.70: 
	1.71: 
	1.72: 
	1.73: 
	1.74: 
	1.75: 
	1.76: 
	1.77: 
	1.78: 
	1.79: 
	1.80: 
	1.81: 
	1.82: 
	1.83: 
	1.84: 
	1.85: 
	1.86: 
	1.87: 
	1.88: 
	1.89: 
	1.90: 
	1.91: 
	1.92: 
	1.93: 
	1.94: 
	1.95: 
	1.96: 
	1.97: 
	1.98: 
	1.99: 
	anm1: 


